
1  BIOMARKER FOR RESPONSE MONITORING OF CDK INHIBITORS
IN THE CLINIC The present invention relates generally to the field of
pharmacodynamics and, more  specifically, to a pharmacodynamic
biomarker (inhibition of Rb phosphorylation) whose  expression pattern in
surrogate tissue correlates with a response of cells and tumors to
treatment with one or more cdk inhibiting agents. 5 Uncontrolled
proliferation is a hallmark of cancer cells. This proliferation seems to
originate from the accumulation of defects in the cell cycle progression.
These defects can  result in the loss of checkpoint control and/or the
inappropriate activation of the drivers  of cell cycle progression, the
cyclin-dependent kinases (referred to herein as "cdks" or  "CDKs").
Misregulation of cdk function occurs with high frequency in major solid 10
tumor types (including breast, colon, ovarian, prostate, and NSCL
carcinomas).  Therefore, inhibitors of cdks and cell cycle progression have
the potential to fill a large  therapeutic need. The cdks are serine/threonine
protein kinases that are the driving force behind the  15 cell cycle and cell
proliferation. Cdks are multisubunit enzymes composed of at least a
catalytic subunit and a regulatory (cyclin) subunit (Organ, D. 0., Nature
1995; 374:131- 134). To date, nine cdks (edki through cdk9) and eleven
cyclin subunits have been  identified which can form in excess of thirteen
active kinase complexes (J Gould, K. L.,  (1994) in Protein Kinases
(Woodgett, J. R., ed), pp. 149-1766, Oxford University Press, 20 Oxford).
In normal cells, many of these enzymes can be categorized as Gi, S, or
G2/M  phase enzymes which perform distinct roles in cell cycle
progression (van den Heuvel, S.,  and Harlow, E., Science 1993; 262:
2050-2054). Cdks phosphorylate and modulate the  activity of a variety of
cellular proteins that include tumor suppressors (e.g., RB, p53),
transcription factors (e.g., E2F-DPI, RNA pol II), replication factors (e.g.,
DNA pol a, 25 replication protein A), and organizational factors which
influence cellular and chromatin  structures (e.g., Histone HI, lamin A,
MPA4) (Nigg, E. A., Trends in Cell Biology 1993;  3:296-201; Rickert, P.,
et al, Oncogene 1996; .12:2631-2640; Dynlacht, B. D. et al, Mol Cell Biol.
1997; 17:3867-3875; Ookata, K. et al., Biochemistry 1997;
36:15873-15883). 



-2- Cdk activity is regulated through a variety of co-ordinated mechanisms,
which include cell cycle dependent transcription and translation, cell cycle
dependent  proteolysis, subcellular localization, post-translational
modifications, and interaction  with cdk inhibitor proteins (referred to
herein as "CDKi s") (Pines, J., and Hunter, T., 5 Cell 1989; 58:833-846;
King, R. W. et al, Science 1996; 274:1652-1659; Li, J. et al., Proc  Natl
Acad Sci USA 1997; 94:502-507; Fraetta, G., and Beach, D., Cell 1988;
54:17-26;  Harper, J.W., Cancer Surv 1997; 29:91-107). It is through these
mechanisms that cell  cycle checkpoints are constructed. This realization
that checkpoint control is implemented through the regulation of cdk
function has made the cdks and their 10 regulatory pathways compelling
targets for the development of chemotherapeutic agents.  In the early
clinical development of anti-cancer agents, clinical trials are typically
designed to evaluate the safety, tolerability, and pharmacokinetics, as well
as to identify a  suitable dose and schedule for further clinical evaluation.
Increasingly, there is a need to 15 also evaluate the pharmacologic effects
of novel agents in early clinical trials, particularly  in cases where dosing to
maximum tolerated disease may not be appropriate. As a result,  there is
considerable interest in identifying a pharmacodynamic (PD) biomarker
that  correlates with the pharmacologic modulation of a tumor target.
These PD biomarkers  may be tumor-specific, but ideally should also be
expressed in accessible surrogate tissues 20 such as skin or peripheral
blood cells, such as human peripheral blood mononuclear cells  (PBMCs).
Rb is a physiologically relevant substrate for the cyclin dependent kinases
(CDKs).  Rb (retinoblastoma protein) is a tumor suppressor. Activity of the
Rh is regulated by 25 phosphorylation at serine and threonine residues by
the CDKs. As is known in the art,  CDK inhibitors inhibit phosphorylation of
the Rb substrate (such as in cell lines and  tumor xenografts treated with
CDKi s) and consequently this leads to cell cycle and  growth arrest.
Inhibition of Rb phosphorylation in cells has been reported for CYC 202
(r-Roscovitine), flavopirdol, and the CDK inhibitor from Bristol Myers
Squibb, BMS 30 387032 (Whittaker, S.R. et al., Cancer Research 2004;
64:262-272, Yue, E.W. et al,  Journal of Medicinal Chemistry 2002;
45:5233-5248). Inhibition of Rb phosphorylation  



in cells and in tumor xenografts has also been shown with the CDK
inhibitor from Pfizer,  PD 0332991 (Fry, D. W. et al, Molecular Cancer
Therapeutics 2004: 3:1427-1437). - J  However, tumor tissue is not easily
accessible for sampling, creating the need for a  surrogate tissue that
could be used as a substitute or replacement for the tumor tissue.
Inhibition of Rh phosphorylation in a surrogate tissue, and specifically in
peripheral  blood mononuclear cells (PBMC's), has not been
demonstrated in the art in either the  s preclinical setting or in the clinic
with any of the CDK inhibitors currently in development. In a -phase 1 trial
of flavopiridol tested in combination with docetaxel in  patients with
metastatic tumors, phosphoryiated Rb in 10 paired tumor and buccal
mucosa biopsies was examined by immunohistochemistry (Tan, A.R. et
at, Clinical  Cancer Research 2004; 10:5038-5047). Although pRb
somewhat decreased in buccal in mucosabiopsies post treatment, no
significant changes in pRb were detected in 6 paired  tumors (viz-a-viz the
biopsies). Due to the small sample size and unavailability of tumor  tissue
from the 3 partial responders, no definitive conclusion could be made
regarding  use of buccal mucosa tissue as a surrogate for predicting
antitumor activity of flavopiridol.  li Thus, there remains a need to identify
biomarkers whose expression patterns  correlate with a response of cells
to treatment with one or more cdk modulating agents,  in surrogate
tissues. The disclosure herein concerns in vivo and ex vivo methods for
testing and  predicting whether a mammal will respond therapeutically to a
method of treating cancer,  as well as whether an agent that inhibits cdk
activity produces a therapeutic response in a mammal, with a focus on
detecting the inhibition of phosphorylation of the  retinoblastoma protein
(Rb) at putative phosphorylation sites. According to a first aspect, there is
provided a method for testing and/or assessing  whether an agent that
inhibits cdk activity produces a therapeutic response in a mammal,  said
method comprising: a) measuring in a surrogate tissue sample of the
mammal the  level of the phosphorylation of retinoblastoma protein (Rb) at
putative phosphorylation  



sites; b) measuring in a surrogate tissue sample of the mammal, that has
been exposed to  the agent that inhibits cdlc activity, the level of the
phosphorylation of retinoblastoma  protein (Rb) at the putative
phosphorylation sites, wherein a reduction in the level of the
phosphorylation of retinoblastoma protein measured in step b) compared
to the level of  the phosphorylation of retinoblastoma protein measured in
step a) indicates a therapeutic  response. 3a  According to a second
aspect, there is provided an ex-vivo method for testing and/or predicting
whether a mammal will respond therapeutically to a method of treating
cancer comprising administering an agent that inhibits cdk activity,
wherein the testing  method comprises: a) activating a first amount of
peripheral blood mononuclear cells of a  mammal; b) measuring the level
of the phosphorylation of retinoblastoma protein (Rb) at  putative
phosphorylation sites in the first amount of peripheral blood mononuclear
cells  of the mammal; c) activating a second amount of peripheral blood
mononuclear cells of a  mammal and simultaneously exposing the second
amount of peripheral blood mononuclear cells of the mammal to the agent
that inhibits cdk activity; d) measuring the  level of the phosphorylation of
retinoblastoma protein (Rb) at the putative  phosphorylation sites in the
second amount of peripheral blood mononuclear cells of the  mammal,
wherein a difference in the level of the phosphorylation of retinoblastoma
protein measured in step d) compared to the level of the phosphorylation
of  retinoblastoma protein measured in step b) indicates that the mammal
will respond  therapeutically to the method of treating cancer. According to
a third aspect, there is provided a method for monitoring
pharmacodynamic drug action of a cdk inhibitor in a mammal comprising:
performing an  assay of Rb phosphorylation activity in one or more test
biological samples from a  mammal to which the cdk inhibitor has been
administered, wherein the test biological  samples were obtained from the
mammal at one or more specified times after  administering the cdk
inhibitor; and comparing the amount of Rb phosphorylation activity  in the
test biological sample to that in a reference biological sample obtained
from a  mammal to which no cdk inhibitor has been administered, wherein
the test biological  



sample is surrogate tissue. In certain embodiments disclosed herein, the
method comprises administering an  agent that inhibits cdk activity,
wherein the testing method comprises: a) measuring in a  surrogate tissue
of a mammal the level of the phosphorylation of retinoblastoma protein
(Rb) at putative phosphorylation sites; b) exposing the surrogate tissue of
a mammal to  the agent that inhibits cdk activity; c) measuring in the
surrogate tissue of a mammal the  level of the phosphorylation of
retinoblastoma protein (Rb) at the putative phosphorylation sites, wherein
a difference (reduction) in the level of the 3b  phosphorylation of
retinoblastoma protein measured in step c) compared to the level of  the
phosphorylation of retinoblastoma protein measured in step a) indicates
that the  therapeutic response has occurred and that the mammal may
response therapeutically to  the method of treating cancer. -4  The
invention also provides a method for monitoring pharmacodynamic drug
action of a cdk inhibitor in the surrogate tissue of a mammal, comprising
administering  the cdk inhibitor to the mammal; obtaining one or more test
biological samples from the  mammal at one or more specified times after
administering the cdk inhibitor; performing 5 an assay to detect level of Rb
phosphorylation present in the test biological sample or  samples after
removal from the mammal; and comparing the amount of Rb
phosphorylation in the test biological sample to that in a reference
biological sample  obtained from a mammal to which no cdk inhibitor has
been administered. 10 Fig. 1: Concentration Dependent Decrease in
Phosphorylated Rb in HCT116 Cells  20 hours Post Treatment with
COMPOUND A Determined by Western Blot Analysis  Fig. 2:
Concentration Dependent Decrease in Rb in HCT 116 Cells 20 hours Post
15 Treatment with COMPOUND A Determined by ELISA Fig. 3:
Concentration Dependent Decrease in Phosphorylated Rb in MTLn3 Cells
20 hours Post Treatment with COMPOUND A Determined by Western
Blot Analysis  20 Fig. 4: Time Course for Rb Phosphorylation in Rat
Peripheral Blood 



Mononuclear Cells Following Ex Vivo PMA Activation Fig. 5: Inhibition of
Rb Phosphorylation in Rat PBMCs after a Single Oral Dose of
COMPOUND A 25 Fig. 6: Inhibition of Rb Phosphorylation in MTLn3
Tumors after a Single Oral Dose  of COMPOUND A Fig. 7: COMPOUND
A: Plasma and Tumor Concentrations after a Single Oral  30 Dose Fig. 8:
Retinoblastoma Protein Phosphorylation in Human PBMCs Stimulated Ex-
Vivo with PMA 5- Fig. 9: Inhibition of Retinoblastoma Protein
Phosphorylation in Human PBMCs  Treated Ex Vivo with COMPOUND A
The present invention employs, unless otherwise indicated, conventional 5
techniques of molecular biology (including recombinant techniques),
microbiology, cell  biology, biochemistry and immunology, which are within
the skill of the art. As used herein, the singular form of any term also
encompasses the plural form and  vice-versa. 10 All publications and
references cited herein are incorporated by reference in their  entirety for
any purpose. "Therapeutic response" of the present invention is defined to
be any reduction in  15 the level of the phosphorylation of the
retinoblastoma protein subsequent to treatment,  exposure or application
of the agent that inhibits cdk activity (cdki or cdk inhibitory  agent) to the
tissue, cells, surrogate tissue (e.g peripheral blood mononuclear cells) of a
mammal at putative phosphorylation sites, as compared to an original or
pre-treatment  level of the phosphorylation of the retinoblastoma protein at
the putative 20 phosphorylation sites, which indicates that inhibition of the
phosphorylation of  retinoblastoma protein (Rb) has occurred. The
therapeutic response of the tissue and  surrogate tissue of the present
invention thus maybe used as a correlation with the  



pharmacologic modulation of a tumor target. 25 "Exposing" a mammal or
a surrogate tissue of a mammal to an agent that inhibits  cdk activity, as
used within the present invention, is defined to be any exposure,
treatment, administration or application of at least one agent that inhibits
cdk activity to  the mammal or the surrogative tissue of the mammal via
any process known to one of  ordinary skill in the art. 30 "Activating"the
non-proliferating cells, specifically peripheral blood mononuclear  cells, of
a mammal, as used within the present invention, is defined to be any
exposure,  treatment or application of at least one activating agent to the
non-proliferating (non -6- cycling) cells of a mammal or surrogate tissue of
a mammal, specifically the peripheral  blood mononuclear cells) such that
said cells become activated and thus become  stimulated to enter the cell
cycle. "Non-proliferating" cells are, within the scope of the  present
invention, defined as those cells which are non-cycling and must be
activated to  5 enter the cell cycle. "In-vivo" method for testing, assessing,
predicting, detecting or evaluating whether  an agent that inhibits cdk
activity (cdk inhibitory agent) produces a therapeutic response  in a
mammal according to the present invention, is defined to be any method
of the to present invention which is done or carried out within the living
mammal (cells, tissue,  body or organism) as known to one of ordinary
skill in the art. "Ex-vivo" method for testing, assessing, predicting,
detecting or evaluating whether  an agent that inhibits cdk activity (cdk
inhibitory agent) produces a therapeutic response  15 in a surrogate tissue
of a mammal, specifically peripheral blood mononuclear cells and other
non-proliferating (non-cycling) cells, is defined to be any method of the
present  invention which is done or carried out outside the living mammal
(cells, tissue, body or  organism) as known to one of ordinary skill in the
art. 20 The present invention provides a method for testing whether an
agent that inhibits  cdk activity produces a therapeutic response in a
mammal, said method comprising: a)  measuring in a mammal the level of
the phosphorylation of retinoblastoma protein (Rb)  



at putative phosphorylation sites; b) exposing the mammal to the agent
that inhibits cdk  activity; c) measuring in the mammal the level of the
phosphorylation of retinoblastoma 25 protein (Rb) at the putative
phosphorylation sites, wherein a reduction in the level of the
phosphorylation of retinoblastoma protein measured in step c) compared
to the level of  the phosphorylation of retinoblastoma protein measured in
step a) indicates a  therapeutic response. The term "measuring in the
mammal" as used herein relates to either to a. 30 measurement on the
mammal, or to a measurement on a surrogate tissue which was  removed
from the mammal. The present invention provides an in vivo method for
testing whether a mammal  will respond therapeutically to a method of
treating cancer comprising administering an 7- agent that inhibits cdk
activity, wherein the testing method comprises: a) measuring in a
surrogate tissue in a mammal the level of the phosphorylation of
retinoblastoma protein  (Rb) at putative phosphorylation sites; b) exposing
the mammal to the agent that inhibits  cdk activity; c) measuring in the
mammal the level of the phosphorylation of 5 retinoblastoma protein (Rb)
at the putative phosphorylation sites, wherein a difference in  the level of
the phosphorylation of retinoblastoma protein measured in step c)
compared  to the level of the phosphorylation of retinoblastoma protein
measured in step a)  indicates that the mammal will respond
therapeutically to the method of treating cancer. 10 The present invention
provides an in vivo method for testing whether a mammal  will respond
therapeutically to a method of treating cancer comprising administering an
agent that inhibits cdk activity, wherein the testing method comprises: a)
measuring in a  mammal the level of the phosphorylation of
retinoblastoma protein (Rb) at putative  phosphorylation sites; b) exposing
the mammal to the agent that inhibits edlc activity; c) 15 measuring in the
mammal the level of the phosphorylation of retinoblastoma protein  (Rb) at
the putative phosphorylation sites, wherein a difference in the level of the
phosphorylation of retinoblastoma protein measured in step c) compared
to the level of  the phosphorylation of retinoblastoma protein measured in
step a) indicates that the  mammal will respond therapeutically to the
method of treating cancer. 



20 The present invention also provides an in vivo method for testing
whether an agent  that inhibits cdlc activity produces a therapeutic
response in a mammal, wherein said  testing method comprises: a)
measuring in a surrogate tissue in a mammal the level of the
phosphorylation of retinoblastoma protein (Rb) at putative phosphorylation
sites; b) 25 exposing the surrogate tissue of a mammal to the agent that
inhibits cdk activity; c)  measuring in the mammal the level of the
phosphorylation of retinoblastoma protein  (Rb) at the putative
phosphorylation sites, wherein a reduction in the level of the
phosphorylation of retinoblastoma protein measured in step c) compared
to the level of  the phosphorylation of retinoblastoma protein measured in
step a) indicates that the 30 therapeutic response has occurred. The
present invention also provides an in vivo method for testing whether an
agent  that inhibits cdk activity produces a therapeutic response in a
mammal, wherein said  testing method comprises: a) measuring in a
mammal the level of the phosphorylation of 35 retinoblastoma protein (Rb)
at putative phosphorylation sites; b) exposing the mammal  to the agent
that inhibits cdk activity; c) measuring in the mammal the level of the -8-
phosphorylation of retinoblastoma protein (Rb) at the putative
phosphorylation sites,  wherein a reduction in the level of the
phosphorylation of retinoblastoma protein  measured in step c) compared
to the level of the phosphorylation of retinoblastoma  protein measured in
step a) indicates that the therapeutic response has occurred. 5 The agent
that inhibits cdlc activity (CDK inhibitor or CDK-inhibiting agent  (CDKi) of
the present invention maybe any cdk inhibitor known to those of ordinary
skill in the art (see e.g. US Patent Application 20040162303, hereby
incorporated by  reference) and is preferably selected from the group
consisting of modified to diaminopyrimidines, di.aminothiazoles,
diaminotriazoles and oxindoles. In one  embodiment, the agent that
inhibits cdk activity is a modified diaminopyrimidine and  more particularly
is a 4-aminopyrimidine-5-one derivative. More preferably, the agent  that
inhibits cdk activity is [4-amino-2-(1-methanesulfonylpiperidin-4-ylamino)  



pyrimidin-5-yll-(2, 3-difluoro-6-methoxyphenyl) methanone. Other cdk
inhibitors that 15 may act as a CDKi within the scope of the present
invention include purine analogues  (such as CYC-202) and semi
synthetic alkaloids (such as flavopiridol). The putative phosphorylation
sites of the present invention include the  phosphorylation sites known to
those of ordinary skill in the art and is preferably selected  20 from the
group consisting of serine 795, serine 780, serine 807/81.1 and threonine
821,  with serine 807/811 being preferred. The mammal of the present
invention may be any mammal and is preferably  selected from the group
consisting of mouse, rat or human. More preferably, for the ex  25 vivo
methods described herein which are performed on a surrogate tissue
which was removed from the body, the mammal is human. The present
invention also provides an in vivo method for predicting whether a
mammal will respond therapeutically to a method of treating cancer
comprising 30 administering an agent that inhibits cdk activity, wherein the
predicting method  comprises: a) measuring in a surrogate tissue of a
mammal the level of the  phosphorylation. of retinoblastoma protein (Rb)
at putative phosphorylation sites; b)  exposing the surrogate tissue of a
mammal to the agent that inhibits cdk activity; c)  measuring in the
surrogate tissue of a mammal the level of the phosphorylation of -9-
retinoblastoma protein (Rb) at the putative phosphorylation sites, wherein
a difference in  the level of the phosphorylation of retinoblastoma protein
measured in step c) compared  to the level of the phosphorylation of
retinoblastoma protein measured in step a)  indicates that the mammal will
respond therapeutically to the method of treating cancer.  5 The present
invention also provides an in vivo method for predicting whether a
mammal will respond therapeutically to a method of treating cancer
comprising  administering an agent that inhibits cdk activity, wherein the
predicting method  comprises: a) measuring in a mammal the level of the
phosphorylation of retinoblastoma 10 protein (Rb) at putative
phosphorylation sites; b) exposing the mammal to the agent that  inhibits
cdk activity; c) measuring in the mammal the level of the phosphorylation
of  



retinoblastoma protein (Rb) at the putative phosphorylation sites, wherein
a difference in  the level of the phosphorylation of retinoblastoma protein
measured in step c) compared  to the level of the phosphorylation of
retinoblastoma protein measured in step a) 15 indicates that the mammal
will respond therapeutically to the method of treating cancer.  The present
invention also provides a method for detecting inhibition of the
phosphorylation of retinoblastoma protein (Rb) at putative phosphorylation
sites in a 20 mammal comprising administering an agent that inhibits cdk
activity, wherein the  method comprises: a) measuring in a surrogate
tissue of a mammal the level of the  phosphorylation of retinoblastoma
protein (Rb); b) exposing the surrogate tissue of a  mammal to the agent
that inhibits cdk activity; c) measuring in the surrogate tissue of a
mammal the level of the phosphorylation of retinoblastoma protein (Rb),
wherein a 25 difference in the level of the phosphorylation of
retinoblastoma protein measured in step  c) compared to the level of the
phosphorylation of retinoblastoma protein measured in  step a) indicates
that inhibition of the phosphorylation of retinoblastoma protein (Rb)  has
occurred. 30 Certain embodiments of the present invention also provide
an ex-vivo method for  testing whether a mammal will respond
therapeutically to a method of treating cancer  comprising administering
an agent that inhibits cdk activity, wherein the testing method  comprises:
a) activating a first amount of peripheral blood mononuclear cells of a 35
mammal; b) measuring the level of the phosphorylation of retinoblastoma
protein (Rb) -10- at putative phosphorylation sites in the first amount of
peripheral blood mononuclear  cells of the mammal; c) activating a second
amount of peripheral blood mononuclear  cells of a mammal and
simultaneously exposing the second amount of peripheral blood
mononuclear cells of the mammal to the agent that inhibits cdk activity; d)
measuring the 5 level of the phosphorylation of retinoblastoma protein
(Rb) at the putative  phosphorylation sites in the second amount of
peripheral blood mononuclear cells of the  mammal, wherein a difference
in the level of the phosphorylation of retinoblastoma  protein measured in
step d) compared to the level of the phosphorylation of  



retinoblastoma protein measured in step b) indicates that the mammal
may respond 10 therapeutically to the method of treating cancer. The
present invention also provides an ex-vivo method for predicting whether
a  mammal will respond therapeutically to a method of treating cancer
comprising  administering an agent that inhibits cdk activity, wherein the
predicting method 15 comprises: a) activating a first amount of peripheral
blood mononuclear cells of a  mammal; b) measuring the level of the
phosphorylation of retinoblastoma protein (Rb)  at putative
phosphorylation sites in the first amount of peripheral blood mononuclear
cells of the mammal; c) activating a second amount of peripheral blood
mononuclear  cells of a mammal and simultaneously exposing the second
amount of peripheral blood 20 mononuclear cells of the mammal to the
agent that inhibits cdk activity; d) measuring the  level of the
phosphorylation of retinoblastoma protein (Rb) at the putative
phosphorylation sites in the second amount of peripheral blood
mononuclear cells of the  mammal, wherein a difference in the level of the
phosphorylation of retinoblastoma  protein measured in step d) compared
to the level of the phosphorylation of 25 retinoblastoma protein measured
in step b) indicates that the mammal may respond  therapeutically to the
method of treating cancer. Also provided by the present invention is a
method of monitoring the level of  phosphorylation of retinoblastoma
protein (Rb) at putative phosphorylation sites in a  3o mammal comprising
administering an agent that inhibits cdk activity, wherein the method
comprises: a) measuring in a surrogate tissue of a mammal the level of
the  phosphorylation of retinoblastoma protein (Rb) at putative
phosphorylation sites; b)  exposing the surrogate tissue of a mammal to
the agent that inhibits cdk activity; c)  measuring in the surrogate tissue of
a mammal the level of the phosphorylation of 35 retinoblastoma protein
(Rb), wherein a difference in the level of the phosphorylation of -11-
retinoblastoma protein measured in step c) compared to the level of the
phosphorylation  of retinoblastoma protein measured in step a) indicates
that inhibition of the  phosphorylation of retinoblastoma protein (Rb) has
occurred. 5 The present invention likewise provides a method of
monitoring the level of  



phosphorylation of retinoblastoma protein (Rb) at putative phosphorylation
sites in a  tumor treated with a cdk-inhibitory agent, wherein the method
further comprises a)  activating a first surrogate tissue (such as peripheral
blood mononuclear cells) of the  mammal; b) measuring in the first
surrogate tissue of a mammal the level of the to phosphorylation of
retinoblastoma protein (Rb) at putative phosphorylation sites; c)  exposing
a second surrogate tissue of the mammal to the cdk-inhibitory agent; d)
activating the second surrogate tissue (such as the peripheral blood
mononuclear cells) of  the mammal ex vivo with an activating agent, e)
measuring in the activated second  surrogate tissue of the mammal the
level of the phosphorylation of retinoblastoma 15 protein (Rb), wherein a
difference in the level of the phosphorylation of retinoblastoma  protein
measured in step e) compared to the level of the phosphorylation of
retinoblastoma protein measured in step b) indicates that inhibition of the
phosphorylation of retinoblastoma protein (Rb) has occurred, and wherein
the difference in the level of phosphorylation in the second surrogate
tissue indicates the level of  20 phosphorylation in the tumor treated with a
cdk-inhibitory agent. The activating agent maybe selected from any
mitogen or activating agent known  to those of ordinary skill in the art that
can activate non proliferating cells, specifically  peripheral blood
mononuclear cells. The activating agent is preferably selected from the 25
group consisting of PMA (phorbol 12-myristate 13-acetate), PHA
(Phaseolus vulgaris)  and Con A (Concanavalin A). More preferably, the
activating agent is PMA. The surrogate tissue (surrogate tissue samples)
of the present invention is any tissue  that could be used as a substitute or
replacement for the tumor tissue for monitoring 3o biological response and
may be selected from any surrogate tissue known to those of  ordinary
skill in the art. Preferably, the surrogate tissue is selected from the group
consisting of skin, buccal mucosa, whole blood, isolated peripheral blood
mononuclear  cells, bone marrow biopsies, etc. The surrogate tissue
(cells) selected maybe non- proliferating cells, such as for example
peripheral blood mononuclear cells, or 12- proliferating cells, such as for
example buccal mucosa tissue cells. More preferably, the  surrogate
tissue is peripheral blood mononuclear cell(s). 



The present invention also provides a method for monitoring
pharmacodynamic  5 drug action of a cdk inhibitor in a mammal,
comprising administering the cdk inhibitor  to the mammal; obtaining one
or more test biological samples from the mammal at one  or more
specified times after administering the cdk inhibitor; evaluating Rb
phosphorylation levels present in the test biological sample or samples
after removal from  the mammal; and comparing the amount of Rb
phosphorylation activity in the test 10 biological sample to that in a
reference biological sample obtained from a mammal to  which no cdk
inhibitor has been administered. The biological sample of the above
method maybe selected from any mammal,  preferably a rat, mouse or
human, in which the biological sample is selected fro the group  15
consisting of cell line, tumor tissue and surrogate tissue samples, wherein
the surrogate tissue samples are defined as above. More preferably, the
biological sample is selected  from the group consisting of cell line, tumor
tissue and surrogate tissue samples, with  surrogate tissue samples being
preferred and peripheral blood mononuclear cells of said  surrogate tissue
samples being more preferred. The cell line, tumor tissue and surrogate
20 tissue samples are of mammalian origin and more preferably are
selected from the group  consisting of rat, mouse and human (homo
sapiens), with human biological samples  being most preferred. The
measuring of the level of the phosphorylation of retinoblastoma protein
may  25 be accomplished through any of the standard phosphorylation
assays known to one of  ordinary skill in the art, including but not limited to
Western Blot, ELISA (enzyme linked  immunoadsorbent assay), IHC
(immunohistochemistry), and FAGS (fluorescent  activated cell sorting).
The selection of the phosphorylation assay will depend upon the  tissue,
cell line or surrogate tissue sample that is utilized e.g., for example
Western Blot 30 and ELISA may be used with any or all types of tissues,
cell lines or surrogate tissues  whereas the 11-IC method would be more
appropriate wherein the tissue utilized in the  methods of the present
invention was a tumor biopsy or buccal mucosal biopsy, whereas  FACs
analysis would he most applicable to samples that were single cell
suspensions such  as cell lines and isolated peripheral blood mononuclear
cells. 35 



13  The following examples are provided for illustrating purposes only and
are not meant to  limit the scope and/or breadth of the present invention.
Examples  5 Example I  Materials and Methods: 1.1 Cell Lines and
Culture The cell lines below (Column II, Table 1) were maintained in the
designated  medium (Table 1) supplemented with 10% heat-inactivated
Fetal Bovine Serum (HI-FBS;  to GIBCO/BRL, Gaithersburg, MD) and 2
mM L-glutamine (GIBCO/BRL). Table 1 Cell lines used in Rb Western blot
analysis: tissue origin and growth media  Tissue Origin Cell Line Growth
Medium  human colorectal HCT116 McCoys 5A  carcinoma rat mammary
MTLn3 RPM1 1640  adenocarcinoma The HCT1 16 cell line was obtained
from the American Tissue Culture  Collection (ATCC), Manassas, VA.
MTLn3 cells were obtained from Hoffmann-La Roche  15 Inc., Nutley, NJ.
1.2 Test Articles The test compound, COMPOUND A, [4-amino-2-(1-
methanesulfonylpiperidin-4-ylamino) pyrimidin-5-yl]-(2,
3-difluoro-6-methoxyphenyl)  20 methanone, was synthesized by
Hoffmann-La Roche Inc. To prepare stock solutions, the compound was
dissolved at 10 or 30 mM in 100% dimethyl sulfoxide (DMSO) (Sigma)
and stored at -20 C in amber glass vials. 1.3 Western Blot Analysis and
ELISA 25 Cells were washed 3 times with cold PBS on ice and scraped
from the flasks.  All cells were collected in 15 ml tubes. Cells were pelleted
by centrifugation and lysis  buffer was added (1:1 PBS: 2X Tris-Glycine
SDS Sample Buffer (Invitrogen, Carlsbad,  CA) containing 5% 2-(3
mercaptoethanol). The volume of lysis buffer used was 5 ul per 



-14- 1X106 cells. Samples were sonicated for 30 seconds on ice.
Following sonication, samples  were clarified by centrifugation at 16,000 x
g for 10 minutes at 4 C and protein  concentrations were determined using
Non-Interfering Protein Assay Kit (Geno  Technology Incorporated,
Maplewood, MO). Proteins were denatured by boiling for 5 5 minutes and
centrifuged as described above. Proteins were resolved (20-40 ug of cell
lysate per lane) by SDS-polyacrylamide gel electrophoresis using a 4-12%
Tris-glycine gel  (Invitrogen) and electroblotted onto a 0.2 m PVDF
membrane (Invitrogen).  Membranes were blocked for about one hour at
room temperature in blocking buffer  (5% milk in PBS/0. 1% Tween 20)
followed by incubation with the primary antibody at to 4C overnight.
Membranes were washed and incubated with the secondary antibody for
30 minutes at room temperature. Immunodetection was carried out using
enhanced  chemoluminescence (ECL Plus, Amersham Pharmacia
Biotech, Piscataway, NJ). For  Western blotting, total Rb was detected
using antibody from Pharmingen (BD Bioscience,  San Diego, CA) at a
dilution of 1:2000. The phosphorylation status of Rb at serine 780, 15
serine 795 and serine 807/811 was detected with phosphospecific
antibodies at dilutions  of 1:1000 (Cell Signaling Technology, Beverly,
MA). For detecting Rb phosphorylation at threonine 821 and total Rb,
ELISA kits  (Biosource International, Camarillo, CA) were used according
to the manufacturer's  20 protocols. 1.4 Analysis of Rb Phospb.orylation in
a Human Tumor Cell Line  HCT116 cells were treated for 20 hours at the
IC50 (0.1 M), IC9 (0.2 M)  and 3XIC9 (0.6 pM) concentrations for cell
growth inhibition, as determined in a 5-day 25 proliferation assay. Lysates
were analyzed by Western blotting for Rb phosphorylation at  serine 795
and serine 780 (Figure 1). The same lysates were tested using the human
Rb  ELISA kit that measures phosphorylation at threonine 821 (Figure 2).
Treatment with  COMPOUND A resulted in inhibition of phosphorylation at
all three CDK phosphorylation sites in a concentration-dependent fashion.
30 1.5 Analysis of Rb Phosphorylation in a Rat Tumor Cell Line 



To determine if COMPOUND A could also affect the phosphorylation
status  of Rb from a non-human source, MTLn3 rat tumor cells were
treated for 20 hours at the  IC50 (0.17 pM), IC90 (0.24 FM) and 3XIC9
(0.72 pM) concentrations for cell growth 35 inhibition. Lysates were
analyzed by Western blotting for Rb phosphorylation using  polyclonal
antibodies prepared against a peptide corresponding to sequences
surrounding -15- phosphorylated serine 807/811 in human Rb (Figure 3).
Treatment with COMPOUND A  resulted. in inhibition of phosphorylation
at the cross-reacting epitope in rat Rb  recognized by the
anti-phospho-serine 807/811 antibody. 5 Example 2  MATERIALS AND
METHODS 2.1 Animals Female Fischer rats obtained from Charles River
Laboratories were used when  they were -1.3-15 weeks old and weighed
-150 grams. All animals were examined prior to  to the initiation of studies
to ensure that they were healthy and acclimated to the laboratory
environment. Autoclaved water and irradiated food were provided ad
libitum, and the  animals were maintained in a 12 hour light and dark
cycle. 2.2 Tumors 15 MTLn3 cells were grown in RPMI 1640
supplemented with 10% heat- inactivated Fetal Bovine Serum (HI-FBS;
GIBCO/Invitrogen, Carlsbad, CA) and 2 mM L- glutamine
(GIBCO/Invitrogen) and maintained at 37C at 5% CO2. The MTLn3 cells
were  obtained from Hoffmann-La Roche Inc., Nutley, NJ. Approximately
1X106 cells/0.2mls/rat in PBS (Phosphate Buffered Saline) Phenol-red
free, Ca'2 and Mg_ '_2 - free  20 were implanted subcutaneously in the
right mammary fat pad. 2.3 Test Article The test compound COMPOUND
A, [4-amino-2-(1- methanesulfonylpiperidin-4-ylamino) pyrimidin-5-yl]-(2,
3-difluoro-6-methoxyphenyl)  25 methanone, was synthesized by
Discovery Chemistry, Hoffmann-La Roche Inc. COMPOUND A was
formulated as a suspension in 1% Klucel LF with 0.1% Tween 80 for  oral
injection. Compound was stored at 4C and vortexed immediately prior to  



administration. 30 2.4 Experimental Design The dose selected was 80
mg/kg, determined to be an efficacious dose in this  animal model. Tumor
growth inhibition in the MTLn3 xenograft model after 2 to 3  weeks of oral
dosing at 80 mg/kg once weekly averaged 90% with 2/10 complete
regressions. COMPOUND A was dosed on day 10 post implantation of
cells, at which 35 time the tumors were 100-200 mm-' in size. In this
pharmacokinetic/pharmacodynamic  experiment, plasma and tumors were
collected at 1, 2, 6, 24 and 72 hours post dosing of a  single oral dose of
COMPOUND A. Tumors were removed and immediately snap frozen 16-
in liquid nitrogen and stored at -80C until drug concentration analysis.
Untreated and  vehicle treated control groups were included in the
analysis. Concentrations of  COMPOUND A in plasma and tumors were
determined in the same three animals per  time point. Whole blood was
also collected for analysis of Rb phosphorylation. Peripheral 5 blood
mononuclear cells (PBMCs) were isolated, stimulated ex vivo with
mitogen and  analyzed by Western blot as described below. In a second
pharmacodynamic study, plasma concentrations of  COMPOUND A were
similarly analyzed as described above, and Rb phosphorylation in  10 both
PBMCs and tumor xenografts treated with a single oral dose of
COMPOUND A was  examined. 2.5 Analysis of Rb Phosphorylation in Ex
Vivo Stimulated Rat PBMCs PBMCs are not cycling cells and need to be
stimulated with the mitogen PMA  15 to enter the cell cycle. Treatment of
these cells with PMA at a concentration of 300 ng/ml  for 24 hours was
sufficient for detection of phosphorylated Rb in rat PBMCs by Western
blot analysis (Figure 4). 2.6 PBMC Isolation and Stimulation 20 Blood from
three rats at the specified times was pooled (-10 mis total) and  PBMCs
were separated using the Lymphocyte Separation Medium (LSM) and
protocol  supplied by ICN Biomedicals Inc. (Costa Mesa, CA). Briefly
whole blood was diluted 1:1  with cold HBSS (Hanks Balanced Salt
Solution), layered onto the LSM and centrifuged.  



The layer of mononuclear cells above the LSM was collected, transferred
to a new tube 25 and washed once with cold HBSS. Cells were
resuspended in RPMI 1640, 10% HI-FBS, 2  mM L-glutamine and 0.01
mg/ml Gentamicin Reagent Solution (GIBCO/Invitrogen).  Cells were
seeded into T-75 cm2 flasks at <_ 1X107 cells in 20 mls medium and
stimulated  with 300 ng/ml of phorbol 12-myristate 13-acetate (PMA) for
24 hours. After 24 hours,  cells are collected on ice, washed, resuspended
in 1 ml cold PBS and processed as 30 described below for Western blot
analysis.  2.7 Western Blot Analysis PBMCs were collected by transferring
the cells, including attached cells and  those in suspension, into 50 ml
tubes. The flasks were placed on ice and the attached cells  35 were
scraped from the flasks and combined with the suspension cells. The cell
pellets were washed twice with cold PBS. Lysis buffer was added (1:1
PBS: 2X Tris-Glycine SDS -17- Sample Buffer (Invitrogen, Carlsbad, CA)
containing 5% 2-(3 mercaptoethanol) to the cell  pellet. The volume of
lysis buffer used was 5 ul per 1X106 cells. Samples were sonicated on
ice for 30 seconds, clarified by centrifugation at 16,000 x g for 10 minutes
at 4C and  protein concentrations determined using Non-Interfering
Protein Assay Kit (Geno 5 Technology Incorporated, Maplewood, MO).
Tumor lysates were prepared by  homogenizing the whole frozen tumor in
lysis buffer and clarifying by centrifugation.  Proteins were denatured by
boiling for 5 minutes, centrifuged as described above,  resolved (20-40 ug
of cell lysate per lane) by SDS-polyacrylamide gel electrophoresis  using a
4-12% Tris-glycine gel (Invitrogen) and electroblotted onto a 0.2 m PVDF
io membrane (Invitrogen). Membranes were blocked for about I hr at room
temperature in  blocking buffer (5% milk in PBS/0.1% Tween 20) followed
by incubation with the  primary antibody at 4C overnight. Membranes were
washed and incubated with the  secondary antibody for 30 minutes at
room temperature. Immunodetection was carried  out using enhanced
chemoluminescence (ECL Plus, Amersham Pharmacia Biotech, 15
Piscataway, NJ). For Western blotting, total Rb was detected using
antibody from  Pharmingen (BD Bioscience, San Diego, CA) at a dilution
of 1:2000. PBMC lysates were  analysed by Western blotting for Rb
phosphorylation using a polyclonal antibody  



prepared against a peptide corresponding to sequence surrounding
phosphorylated serine  795 in human Rb (Figure 5) and tumor lysates
were analysed similarly using polyclonal 20 antibodies prepared against a
peptide corresponding to sequences surrounding  phosphorylated serine
807/811 in human Rb (Figure 6). Both antibodies cross react with  rat Rb.
The phosphospecific antibodies were used at dilutions of 1:1000 (Cell
Signaling  Technology, Beverly, MA). 25 2.8 Plasma and Tumor
Exposures after Oral Dosing of COMPOUND A After a single oral dose of
80 mg/kg, plasma and tumor tissues show a similar  concentration time
profile of COMPOUND A. Maximum concentrations in both plasma  and
tumor tissue were observed 1 hr post dose. The concentrations in the
tumor samples  taken from the same animals were approximately 50% of
the plasma concentration and at 30 24 hrs tumor drug levels (164  28
ng/g) approximated plasma exposures at 24 hours  (250  74 ng/ml)
(Figure 7). Drug levels in plasma and tumor tissue were measurable up  to
24 hrs after dosing in all the animals in PD 664 (3 rats per time point). One
out of  three animals had a measurable plasma concentration (>_12.5
ng/ml) at 72 hr after dosing.  Overall the plasma data seem fairly
predictive for tumor concentrations particularly since 35 the extraction of
drug from the tumor samples might be less than complete. No drug was
detectable in the vehicle group. -18- Similarly in PD 675, after a single 80
mg/kg oral dose of COMPOUND A, drug was measurable in all the
animals up to 6 hrs (339  88 ng/ml) and in 2/3 animals 24  hr and 48 hr
after dosing. Mean plasma concentrations were steady from 1-24 hr. No 5
drug was detectable in the vehicle group. 2.9 Analysis of Rb
Phosphorylation in Rat PBMCs Treatment of female Fischer rats with a
single oral dose of 80 mg/kg  COMPOUND A resulted in a decrease in Rb
phosphorylation in ex vivo stimulated  10 PBMCs (Figure 5) at 2 and 6
hours post treatment with COMPOUND A and up to 24 hours after
treatment in both of the PD studies. Total Rb levels did not appear to
decrease with treatment. 2.10 Analysis of Rb Phosphorylation in Rat
MTLn3 Xenografts 



15 In tumor xenografts COMPOUND A also shows a reduction in
phosphorylation of Rh in a timecourse similar to that seen in the PBMCs
(Figure 6). Each  of the lanes represents a tumor isolated from one animal
and for each time point three  different tumors were analyzed with similar
decreases in phosphorylated Rb observed.  The serine 807/811 antibody
was used as it gave a stronger signal in the tumor tissue than 20 the
serine 795 antibody used in the PBMC lysates.  Example 3  3.1 Test
Article The test compound COMPOUND A, [4-amino-2-(1 25
methanesulfonylpiperidin-4-ylamino) pyrimidin-5-yl]-(2,
3-difluoro-6-methoxyphenyl)  methanone, was synthesized by Discovery
Chemistry, Hoffmann-La Roche Inc. To  prepare stock solutions, the
compound was dissolved at 10 or 30 mM in 100% dimethyl  sulfoxide
(DMSO) (Sigma) and stored at -20C in amber glass vials. 30 3.2 Human
PBMC Isolation and Treatment Approximately 10 mls of blood was
collected from five healthy human  volunteers into sodium heparin treated
Vacutainer blood collection tubes by Employee  Health Services. PBMCs
were separated using the Lymphocyte Separation. Medium  (LSM) and
protocol supplied by ICN Biomedicals Inc. (Costa Mesa, CA). Briefly whole
35 blood was diluted 1:1 with cold HBSS (Hanks Balanced Salt Solution),
layered onto the  LSM and centrifuged. The band of mononuclear cells
above the LSM was collected, -19- transferred to a new tube and washed
once with cold HBSS. Cells were resuspended in  RPMI 1640, 10% HI-
FBS, 2 mM L-glutamine and 0.01 mg/ml Gentamicin Reagent  Solution
(GIBCO/Invitrogen). Cells were seeded into T-75 cm2 flasks at S 1X107
cells in  20 mis medium and stimulated with 300 ng/ml of phorbol
12-myristate 13-acetate 5 (PMA) for 24 through 72 hours. After PMA
stimulation, cells are collected on ice,  washed, resuspended in 1 ml cold
PBS and processed as described below for Western blot  analysis. 3.3
Western Blot Analysis 10 PBMCs were collected by transferring the cells,
including attached cells and  



those in suspension, into 50 ml tubes. The flasks were placed on ice and
the attached cells  were scraped from the flasks and combined with the
suspension cells. The cell pellets were  washed twice with cold PBS. Lysis
buffer was added (1:1 PBS: 2X Tris-Glycine SDS  Sample Buffer
(Invitrogen, Carlsbad, CA) containing 5% 2-(3 mercaptoethanol) to the cell
15 pellet. The volume of lysis buffer used was 5 ul per 1X106 cells.
Samples were sonicated on  ice for 30 seconds, clarified by centrifugation
at 16,000 x g for 10 minutes at 4 C and  protein concentrations
determined using Non-Interfering Protein Assay Kit (Geno  Technology
Incorporated, Maplewood, MO). Proteins were denatured by boiling for 5
minutes, centrifuged as described above, resolved (20-40 ug of cell lysate
per lane) by 20 SDS-polyacrylamide gel electrophoresis using a 4-12%
Tris-glycine gel (Invitrogen) and  electroblotted onto a 0.2 tm PVDF
membrane (Invitrogen). Membranes were blocked  for about 1 hr at room
temperature in blocking buffer (5% milk in PBS/0.1% Tween 20)  followed
by incubation with the primary antibody at 4C overnight. Membranes were
washed and incubated with the secondary antibody for 30 minutes at
room temperature. 25 Immunodetection was carried out using enhanced
chemoluminescence (ECL Plus,  Amersham Pharmacia Biotech,
Piscataway, NJ). For Western blotting, total Rb was  detected using
antibody from Pharmingen (BD Bioscience, San Diego, CA) at a dilution
of 1:2000. Lysates were analysed by Western blotting for Rb
phosphorylation using  polyclonal antibodies against phosphorylated
serine 795, serine 780, threonine 821 and 30 serine 807/811 in human Rb
(Figure 8). The phosphospecific antibodies were used at  dilutions of
1:1000 (Cell Signaling Technology, Beverly, MA). 3.4 Analysis of
Retinoblastoma Phosphorylation in Ex Vivo Stimulated  Human PBMCs
35 PBMCs are not cycling cells and therefore need to be stimulated to
enter the  cell cycle. PMA, at a concentration of 300 ng/ml for 24 hours, is
sufficient for detection of -20- phosphorylated Rb in rat PBMCs by
Western blot analysis. Human PBMCs were isolated,  stimulated ex vivo
with 300 ng/ml PMA and threonine 821, serine 780, serine 795, and
serine 807/811 phosphorylation sites on Rb were evaluated by Western
blotting at 24, 48  and 72 hours post stimulation. Significant
phosphorylation at serine 807/811 and 



5 threonine 821 sites was detected at 24 hours post mitogen addition in
human PBMCs  from all five human donors (Figure 8). While
phosphorylation at serine 795 (Figure 8)  and serine 780 (data not shown)
was also detected, it was not significant until 48-72  hours post PMA
stimulation. Total Rb and actin were run for standardization of protein
loading. 1..0 3.5 Analysis of Retinoblastoma Phosphorylation in Human
PBMCs  Treated Ex-Vivo with COMPOUND A PBMCs from two healthy
volunteers were isolated and stimulated ex vivo  with PMA as described
above and simultaneously incubated with COMPOUND A at 0.2  15 m
through 2.0 M, concentrations that represent the IC9o through 10 X IC90
concentrations for tumor cell growth inhibition, as determined in a 5-day
proliferation  assay. Lysates were analyzed by Western blotting at the
serine 807/811 and threonine 821  sites on Rb (Figure 9). Treatment with
COMPOUND A resulted in a complete inhibition  of phosphorylation at the
serine 807/811 site in both donors at all concentrations. 20
Phosphorylation at the threonine 821 site, after 24 hours incubation with
COMPOUND  A, was not inhibited at any concentration. The foregoing
description illustrates and describes the methods of the present
disclosure. Additionally, the disclosure shows and describes only certain
embodiments of  25 the methods but, as mentioned above, it is to be
understood that the teachings of the present disclosure are capable of use
in various other combinations, modifications, and  environments and is
capable of changes or modifications within the scope of the  inventive
concept as expressed herein, commensurate with the above teachings
and/or the  sill or knowledge of the relevant art. The embodiments
described hereinabove are further 30 intended to explain best modes
known of practicing the invention and to enable others  skilled in the art to
utilize the invention in such, or other, embodiments and with the  various
modifications required by the particular applications or uses of the
invention.  Accordingly, the description is not intended to limit the
invention to the form(s)  disclosed herein. -21  



Claims  1. A method for testing and/or assessing whether an agent that
inhibits cdk activity produces a therapeutic response in a mammal, said
method comprising: a) measuring in a  surrogate tissue sample of the
mammal the level of the phosphorylation of retinoblastoma protein  (Rb) at
putative phosphorylation sites; b) measuring in a surrogate tissue sample
of the mammal,  that has been exposed to the agent that inhibits cdk
activity, the level of the phosphorylation of  retinoblastoma protein (Rb) at
the putative phosphorylation sites, wherein a reduction in the level  of the
phosphorylation of retinoblastoma protein measured in step b) compared
to the level of the  phosphorylation of retinoblastoma protein measured in
step a) indicates a therapeutic response. 2. An ex-vivo method for testing
and/or predicting whether a mammal will respond  therapeutically to a
method of treating cancer comprising administering an agent that inhibits
cdk  activity, wherein the testing method comprises: a) activating a first
amount of peripheral blood  mononuclear cells of a mammal; b)
measuring the level of the phosphorylation of retinoblastoma  protein (Rb)
at putative phosphorylation sites in the first amount of peripheral blood
mononuclear  cells of the mammal; c) activating a second amount of
peripheral blood mononuclear cells of a  mammal and simultaneously
exposing the second amount of peripheral blood mononuclear cells  of the
mammal to the agent that inhibits cdk activity; d) measuring the level of
the phosphorylation of retinoblastoma protein (Rb) at the putative
phosphorylation sites in the  second amount of peripheral blood
mononuclear cells of the mammal, wherein a difference in the  level of the
phosphorylation of retinoblastoma protein measured in step d) compared
to the level  of the phosphorylation of retinoblastoma protein measured in
step b) indicates that the mammal  will respond therapeutically to the
method of treating cancer. 3. The method of claim I or 2 wherein the agent
that inhibits cdk activity is a  diaminopyrimidine. 4. The method of claim 3
wherein the agent that inhibits cdk activity is [4-amino-2-(l-
methanesulfonylpiperidin-4-ylainino) pyrimidin-5-yl]-(2,
3-difluoro-6-methoxyphenyl)  methanone. 5. The method of claim 1 or 2
wherein the putative phosphorylation sites are selected from  the group
consisting of serine 795, serine 780, serine 807/811 and threonine 821. 6.
The method of claim 5 wherein the putative phosphorylation site is serine
807/811. 



-22- 7. The method of claims 1-6 wherein the mammal is a human. 8. A
method for monitoring phannacodynamic drug action of a cdk inhibitor in a
mammal  comprising: performing an assay of Rb phosphorylation activity
in one or more test biological  samples from a mammal to which the cdk
inhibitor has been administered, wherein the test  biological samples were
obtained from the mammal at one or more specified times after
administering the cdk inhibitor; and comparing the amount of Rb
phosphorylation activity in the  test biological sample to that in a reference
biological sample obtained from a mammal to which  no cdk inhibitor has
been administered, wherein the test biological sample is surrogate tissue.
9. The method of claim S. wherein the surrogate tissue sample is a
peripheral blood  mononuclear cell(s). 10. The method of claim 8 or 9,
wherein the mammal is a human. 23  ABSTRACT BIOMARKER FOR
RESPONSE MONITORING OF CDK INHIBITORS  IN THE CLINIC
Methods for testing and assessing whether an agent that inhibits cdk
activity produces a  therapeutic response in a mammal, with a focus on
detecting the inhibition of 5 phosphorylation of the retinoblastoma protein
(Rb) at putative phosphorylation sites, are  disclosed. Also disclosed are
methods for monitoring pharmacodynamic drug action of a  cdk inhibitor in
a surrogate tissue(s) of a mammal, preferably a rat, mouse or human.
Fig. 1 10 


